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Abstract 



PROBLEM TO BE SOLVED: To reduce the height of band gap discontinuity, and to improve an 
operating voltage and an operating current by forming an active layer with bu\k stmcture with a 
specific film thickness at a first laser elenrient, and by forming the active layer with the lamination 
structure of quantum well and bam'er layers in a second laser element. 

SOLUTION: Laser elements 40 and 41 that have wavelength 780 and 650 nm, respectively, are 
formed on the same n-type GaAs crystal substrate. In both the laser elements 40 and 41, second p- 
type cladding layers 18 and 28 are machined to projecting strip called a ridge, and t)oth the sides are 
buried by a GaAs current element layer 31 , thus constricting cun-ent flowing into an active layer, and 
generating strip-shaped gain distribution in the active layer. In this case, an active layer 14 has an 
undoped layer of AIGaAs with a layer thiclcness of 0.01 &mu m or more and 0.1 nm or less, namely, 
bulk structure, and an active layer 24 is a multi quantum well active layer being composed of the 
undoped well layer and a bamer layer. 
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0. 0 1 /I mi^A_h, 0 . 1 Mm«TTfc-5/-«>'l':J'«jt<0 lo 

t . <Dm-mmM<r> ^y y KS±tw88»t e>tt, # 
m(Oiryyh'mt. w Zl^SSO ^ 7 y Kg<0{||tS 

i^fp® i: > WIS»- ^ 7 s/ K» t SttS i: <^ W 
lnlJft e>ix. *iFl5fg-*«So^ 7 y K« J: *> K 

IC. I n y (G a i-xA 1 x) l-y P ( 0 < x g 1 , 0^ y 

^ 1 ). *»e>* 9 , f/tifimmmjtmitmcG a a s *»e>Vj; 

«. • 

tt. AlzGai-zAs (0. l^z^l) *ftlS 

!f^^la5tC*3lt5ett^l4, f nG a PO» 

^#F^i:Ino.5 (Gai-qAlq) 0.5P (0<q< 

A/2ft)Sv^li*©S^fig^i:?i^>v^i-^^^»<0]^J?Sr 60 



:L<ofii-mmm<o^yy Ym±izfstnhti. mmi^^ 

0. OlnmSll.. 0. 1 Atmi^iT-e$)5^VW^«5t<0 

?SttSt. r(OStte±(::i9;itbtifciS-*«M<D^'7 

i±m±\cm^hfiit-mmm(oif y y h-m t sr^^s r 

-mmm<Oi' y y KS i U t^^v K^-*- s'T'^JS/h* < . 
iSfDg t , MI5«-*«Sco^ 7 s/ KM i SttS i: OF^I 

01 *iiEm-<^^— !fsg^^a5*5io5^^ilE|g- 
I ny (Gai-xAlx) l-yP (0<xgl. 0^ 

y^i) A^hf£i>^i:^imLt-ri>m^m9\zum.(o^^ 

[000 1] 
IQ0 0 2] 

07'-^'SrlE®:-^#5fc*tc, J!2:< Hffl^b^nrVN^o 
DVD {Digital Versatile Disk) i/y^'rJ^ 
f4. JJclfcf^OA— tf— , ROM. RAM?feiro5=feiitt5^:^ 

3t7*'f;^^' iA^Ttt. 1i63l5/6>£)CD {compact dis 
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k) -yj^T^AfeSVitiCD — R (compact disk-recorda 
ble) v';^7"A;i5i2:<«SLT*Jt), DVDv';^5^i>. 

■tfit>h. DVD'>XxAJ±, CD-^CD— RCDx-f 

«^«r*-riftMia-eifo5. i-ZjJi?*,. |Rllll<D3tl^5/^T 
DVDffl<D*ft»3.;r5, M i:, CDS.U«CD— 
3.::i5; M A»P>ai+ ^FixSJSEft 6 5 OnnKDl. ifittt 

h 2!i»e>ttll+$Jx5i6«7 8 0 nmOU— T^fi, 

;i:^!JXA3{cJ:t)Sl#$tt:t^. DVDffl©a6*6 5 0 

-Rx-r sfc^-rs. — f-c^i' fi^hnm^^ 

to 0 0 31 

3l5033tK'y^r5'7'tt. iftg 6 5 0 n mO if JtXtJ^ 
i^ft? 8 0 niiKOV'— <f^Sr#5fcS6{C2{iOS/j^;5^t 

rwj;9JicP^)S^fi¥«:i-5fci6, *#ttlfiA»4x 6 50 
nmRXf7 8 0 nm<7?~oroS/f SJjSft©!^— if^tSr 1 

If^g^^Sigb. #ffi¥io-i 
8 1 0 6 8 i: LTtasufc. wmw-i o - 1 a i o e s 

G a A 1 P ^ 7 y 4: y y zmi^M^ !> y v?<C»i^ 

■&^r1-2>nffiGa AsSTfflJbii^v ;iOnSGaAs 
g/js«ditiajtm«c t ^ioTett^tcMHSWSitSrJfe^-f- 
Sirrai^tc:, fi&^4SJ:»)/^:^Kdf^y7'*SSfeV>Ga As 

®«IRLT, K^*— fk-t--5tV^5s Selectively 

Buried Ridge (SBR) i: iq^J^tV-SWittrfflV^X 
5. 



I 0 0 0 4 1 P^t^tt. V^-f ttW U-^m^n 10 0, 
1 0 UCt3V>-Ct,. Sffil2 4(DifC, nM/^s/^rS 
10 2, 112, nMl nGaAl P:J'7S' K^l 0 

3, 113, I nGaA 1 P3t:^'l' K^l 0 4, 11 

4 , #-ai:^#F?St4^ 105, 115, InGaAl 
P^:ff^ h'MlOe, 1 16, fflWpM InGaAl 
P^9yKei0 7, 117, pSl nGa PJ-yf-i^ 

hyT'gl 0 8, 1 1 8, ^2<0pM I n G a A 1 
P^J'^S' K^l 0 9, 119, pMlnGaPii«^^ 
10 ^110, 12 0, nSttiSiEISitSl 2 3, pMGaA 

7 8 0 n f-'^iPSP 10 0 tCfcV^TIi, 

kitm 1 0 5 «, G a 0. gA 1 0. 1 A s G a q. 65 

A 1 0. 35 A s mmm t o#m4^#F«3g«:*-f-?>. ^ 

«6 5 0 nm<DU— if5g^=-a54 1 ^^:tJV^T^4, SttS 1 
1 5f±, I no.sGao. sAs^FBt I no. 5 (Gao.5 
A 1 0. 5) 0. 5PISt^» <7)#«ft^#F«iisr'ft-r5. 
■fJit?*?, Stft 7 8 0 n m©fi&i4e 1 0 5 i: :5' 7 S' KS 

1 0 3, 1 0 7, 1 0 iSSV^JcSJicSViJiTC 
20 ^, i-Jjcfc^jtrPirA s ^"i-^rU d^ojgtS 6 5 0 n m 

(Om'S^m 4 1 t^9y h'm2 2^ 26, 28 -C{4*Jl:^^ 
^c*a/j^vl^7c^P^■^>ft•L-Cv^fc, r(0«jttcj:o 
-c, Ki^ lOOirioio^Ts/KSios, 107, 

io9tii3, 117, 11 9<Dm.^tmm: mm^ 
ssiio, 1 2 o<oK&^t^m: isxxfm.mwtmi 

2 3<Dm^tmm. ^i^^'^ KSI 2 2«>iB^i:BWS: 

30 [0 0 0 51 L/6>U**se», mJCioTfflStlgfeL 

TV^fc. ^IWPp^Slc-oVNTiai llcJ;i9mig-t-?)o ®1 
1 11, #i|^^»flsM<r)mfiK, K-b-Vi/SS, a»Sr#lt 
L, «11tc|il3&|Ri»«JBE2. 5 VSrPPJqLfc*-^©^!^ 

nMi5' 7 5' h'm 1 0 3*^f> pMII3i>7s/ KS 1 0 9 * 
•C-«M::^(6]{c«ioT7'n y h i.tih<oxhi, nM^ 7 
y Ke«, I no. sCG a 0. 3A 1 O. 7)o. SP A 1 B. 

^SrO.T t L, K— tf>'^^Sft|4 2 x 1 0 17cm-3, SJ? 

40 {1, mil nmX'hiio h'm. -^^vrmf^B^i-^T 

> K-7°0 I no. 5<G a o. 5A 1 0. 5)0. SP ^ ^'f^' ^tt 
^tt, — fifi^#F (Double Quantum Well : DQW) 

■e, -tjX-etl-SJSl 0 nm^TV K— r/f^A 1 0. iG a 
0.9A s^fiK^ixStcDi: Lfc, pm^y yh'm\i:^y^ 

. M^^s' KStra-X?, K-tfVi/ai^ttlx 1018cm 
-3tL, b-^/K^SJiid^nS^^y KSi:l^-lc;fc5 
<t5K^LTV^2>o *igSft«6 0 0 y LfCo 
[00061 m^n^^^^^f^^—^^Mt.. nMtJ' 
60 7S/ 1 O 3 5 I nG a A 1 P;itf>f KSl O 4 
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TV^5»-^tC^C5, -'<:^K^-Y5'>^^5ii^ (Bandgap 
discontinuity) t iq^liiV^S,^"Cfc5o 01 1 

I n G a A 1 P (D^^/W^— x^i' K=¥-^ y 7' ( 2 eV 
8*) i A 1 G a A s O/^V K^-V- y 7" (l. 6eV@a[) 

X K) , Ho© A 1 G a A s ^FiUSSpo^ij^i/Pdti— 

«^^«gg^SSfi 2 8 0 A/cm2 i: •? . U—^^mKiH-m 
ttm&t $tv5^S~ISkA/cm2iC?»fc/<ci,\ ii^cD 7 8 
0 nm^fcSV^fie 5 0 nmOV— f-ef42. 5 VSS 

Zt. !f5llS*sS:i5«E«:2. 7V£ilJii:*5. 
5mW«)*ttJ;^;dS#bJx5«jEW:2. 8V«±i: 

[000 71 *«W«±IEB3a^{cS6;^T/£$ixfcfco 

So fcij^^^ft: V— r SrJi«t-r 5 ;i i: ^ i W i: -r -5, 
[00081 

:^^m<D^m^i-—^mm.\±. mum 

-CD V— if 5R^«|J i: , ««II5i^SS«±tJ:ia:»t 

©m-«®S<0^ 7 y KSifCUlt fcti, 6 . 0 

l/imJi;t±. 0. 1 nTCi&.TXi3i,^<;v^mit<Dm^m 
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[0 0 0 91 ^fc, Hfif5^-©i— iF^^{cjo^^-r, «a 
IS^-^SMro 7 y KSi: Stt® t <r>mz.m-^ fen. 

^>^mi^'o^^y^m^%\H\:.-^m^%m^i.^ 
w,--(r>wm t . mu'm-mmm.fD^ 7 y vmt'^'^m 

K^^ < . Sttg J: D 77'«S;k:#v^ 

20 I ny (G a i_xA 1 x) i_yP (0 < X ^ 1 , 0^ y g 
1) J5^fe?i«?. Mie«JERaihM{4*JCG a As *»e>/j:5 

JSftSfilttJitt. Al zG ai-zAs (0. l^z^l) 

n G a P W»^#Fa i: I no. 5 (G a 1-qA 1 q) o. 5? 

(o<q<i) <o^<y TS*>fe/f5:ii:Sr«F»i:i-5. 
[0 0 1 01 $ feir. MfBm-cD&fttS(rlB«z:©»S 

30 lBU?Sr=t-f51l!ISr'>?i< iJi-^tfa-T'-f v^^Sg 

/iSl^-SftcD if 3t*iftffi-rs^- W !f ^^135 
i:4r*i-5i^^{*:^-1f3ggJc:*iV^-C, gdlS^-ou- 
1f ^^laJ«. m-*«®<D iJ' 7 7 Kg t . :i <D^-^® 
S(Oi5' 7 7 KgJitC^tt ibtv, ^ffiS 0 . 0 1 M mti 

fi^ttg Jitc^tt fenfc^±^«MtDi5' 7 y vm t 

U S&IBi5-(DU— !f*^^S|5tt. |g-3r«SOi^7yK 

. #FMi:/^yTSt(Da®«ig*^e>/j:5ei4gi:. 
fifttSiic^it feKfc -*mM<^ ^ 7 y vm t 

to 0 1 1 1 

imm<omm<Dmm] sir. mijbmms^mmi.:^^ 

60 lllfe«^Jc8li-5«S«E« 780niii-fc650 nnKDHiS 
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^tbXSit'feWfBia-eibSo l2't'4 0*SjS«7 SOnm 
to !f3!f ^, 4 1 t^lk^ 6 5 0 n m«) if ^^T?, 
1^— <OnSGaAsjg^S«l 0 ±(;l?^^$^^TV^'5. 

7 V K® 1 8\ 2 8 ;4S. U s/ i^tfnSifh^K:?^ h V'f 

tzM^tm^^ $ ^ r {c J: o y s/ i^P^J8lT®Stt 
g 1 4 . 2 4 \zM^^fi.%'^9kt'i^yi. «|^- K;dS^- 

^■^^nms^'O-kQ II coJtT'$>5T;=^^^ Fit;6S4JJJlT 

J; o T w-if ?t<D^;^HxM;iS 1 0 /x mS« i /J^ $ < 
Jit), CD-ROM, DVD-ROMfll^tti'iX^Ts'T" 

10 0 1 21 PiHetCtt, iftft? 8 0 nnKDU— if^^=-4 
Ott, nSGa A sSSl OOjiJc:, nS^^S'^rgl 
1 , nM I n G a A 1 P ri' 7 y KS 1 2 , A 1 G a A s 
SttS 14, Bl<^pMlnGaAiP:J'7 5'Kgl 
6. pSl nGa Paiy^i'^^';^ HyT'gl 7, S^2<D 
pSi nGaAl P^7S/ KSl 8, pSl nGaPii 
S$S@19, nMtt^lSBJk€3 1, pMGaAs^^^ 
9if bJi3 2!fi5roHHcaJi$ix«fig$ixS. nS!^'7 
y KS 1 2 fiie^Sr i no. 5 (G a 0. 3A 1 q. 7) 0. 5? i: 

gJi:{l*?JUBi, v'y 3>-$-K— /^V h2r LT K— bf 
^-^^jSa^S 1x10 17cin-3iA±i: j; p b-CV>.5o 
K-^N-^^htLT-feVi^ (Se) Sr^V^Swiinftg-e 
foS, *fc, ^1 WpSii^^y KSl 6i3j;U!|B2(Op 

7 y KS 1 8 i no. 5 (G a 0. 3A 1 0. 7) 0. 5? 

[0 0 131 SttS 1 4HSJi:o: 0 1 /imtiip. 1. 
M miJilT©A 1 G a A s <??T V.K— l,T*5 <J , 

»^0 2RU:iil8^#MLIftigi-S, 0 2tt. ±15^1 



(5) 

ya^^U nSI^'75' K^l 2*>6)pMll2^9y 
Kg 1 8*-C«S:^|o){C»oT7'n 5/ h Lfct,(Ot?fo 
5o nSi!'7 2' I no. 5 (Gao.sAlQ.r) 0. 
5Pi:LTAmfifeSr0.7i: L, K-lf >'^'SK»i2 x 1 
Ol7cm-3, SJSttifiSjiMmtLfe. S1±® 1 4tt®JP0. 
0 4 Mm, «a^Alo.l5Gao.85As©rvK— T'St 

10 A/T-i:ofc5*s, v^•f ttt>iiafig«nS^ 7 y YM 1 2 
ra— e, K-fV^^«ftM:lxl 0l8cn,-3i:b, h-^ 
^KOSJPSrnS:5'7';/ Kgi:ll-tCia;^U-CV>So *S 
§§ft{46 0 0 Mint bfcc 
10 0 141 gl2-C:^$ix5na^7 3' Kgl 2i:Al 
G a A s Stfeg 1 4 i: ©Wtr4feU.TV>5^^V K:a?^ 

(0:^y<y( i^M^ ;65#F<?5ai;^i/wdf — $ JcJt UT 4 5 % 
t?fco;fc©^cJt'<T:*:♦i{c^S</^o■cv^2)6 *feA 1 G 
20 a A s ffitt® 1 4 rt OjElfC^^ V K V-^/V-Ht toftT^pffl 

1. 2kA/cin2i:i^j:ot:ll4«)4. 4f&*t?ii*Db, V'— 

0 0 M nKD^^oKf^Lfci^mtcitviJ, ^SlCiejx^/j: 
R]iOSiE;iS2 . 4 vaj[, 5 mWCO^tajj'j^r^Sfc.*© 

^m^S^ttSO. Olum {\Onra) &rf(r>W^tfi 

36 Si:, tS3l5«a|tl^CJ;9tc^i<^pM2^7 5' KSircDl^ 
{£T-r5.^fciS»('0. 1 /imJ:iJJ?</<e5i:Stt^tt' 

*Sfe5r:i:;4S5tK$tufc„ fett^ffltO. 0 1 MmiEA 
Ji, 0. 1 nm^ikTfti^bkzi:^^ Siiiffimmm?^ 

40 [0 0 1 51 5tX'<>^25'ffli^(Di|5-»*^w-f't b-C#x. 

T, CD-ROM(pPSlffl3ti!SiU-C7 8 OnmffiF^K 
SS:»5(-f4, Al xGai-xAsX?*S*t5fi&ttS<^ 

AlMj5l;i5 0. lti±, 0. 2iJlT^*)2)iK>il*sS)5, 
' i<^^et4M<o^ii:/4so. 0 5 fi mi:mx.i> t . 
.. hit (e ±/e \\) iiASk^tfioX. CD- 

ROM^5l©3tf s'25' Tyr/CD^aSi L^^T^^^td/j; 
5o rofcit", W4 0 . 0 5 M mgiT (0. 0 1 

Atiiid»t)0. 0 5/xm<D©H) r t jd^S* bV\ o 

60 t::^'<^' )fe^5ili<^ie-&-S6 
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■o-CV>5fc«), 9 x«4 0^jy.T*sS*Lv\ e ±<D:k 
V < , JglJPJi 0 . 05 ^ miJlTTfeS 4: tmi!^ 

^„ jSfte 5 0 nnK/?!^— 1 fi, nMGaAs 
S«10<O±tC, nM^<S'7TS2 1. nSlnGaA 
lPi!^7yK®22, InGaAl P3t:«f'f Kg 2 3 , 
#-aS^?f=FStt@ 2 4. InGaAl P^t:*/^ Kg 2 
5. ^IcOpMl nGaAl P^'y ?/ KS2 6, pSi 
nG a Paij/^^V^';^ hy^g2 7,S^2<DpainG 
a A 1 P^7-:y KS2 8. pM I n G a P]i«$S@ 2 
9, nS«i»itREJfc^3 1. pSGa As a^'^'^ hea 

[00161 fi&ttSttT^' K-rtJiB^dsaJa I n 0. 5 
Gao.5Pi:*5#FS4:Ti'K— no.5 (G a 
0.5A10.5) o.5P<^^'^!^^®i:'^«*K*tt5#a»^ 

Ti^K— T'WI no.5 (Gao.sAl 0.5) O.SP^J^^'I' K 
Ji 2 3 . 2 5 S:K»t. C-ii* (Separate Conf 

inement Hetero-structure : SCH) Wiai: bfc.„ # 
»»^?»=F«3ttCj;<9. 2?>:7C«^^4^t«^f^«?ffibv 6 
5 Onin?Br<DV-1>'»f^S:prtgt::U-CV^5, SCH«jS 

I n©afiS:Sr0.5*>f>^^/h$<i-5wt{Cj:!3, Ga 

J: $ -B:T3t7'.>f ^J' «^cDi|£»<:^ if tc^* ^? n 

5 7 0"Cet±<D^Si!)mcii9^5 i-rs r 4: *s-c? 

[0 0 17] M^i^»i^8tit3 6trJ:oTa»6*)tCiteii: 
^tL, pa«®3 3. 3 4jcSlip-r5«EEJCio-C^n 

0- 1 8 1 0 6 StCi 
oT:§B:^$tufc, MOCVDgilf;" 7;*- MJ y^^77^ 

5, ^i*3, 5J-fi^<OJlg^(c:oVNT#lS¥l 0-1810 

6 8-Ctty T^'7'-c:/-l':^V3i3,5^>'^ (R I E) Srffi 



(6) 

th-^mxh^o m'f-tm^^Mc^ :>^y^imw<D^m 

6 5 0 nm©^-¥-4: 7 8 0 nm©ig 
x-f ViJ^ldtt. ftS^4^CS^fECR;^/^•5':?S^fflV^5r. 

10 L. llSfte 5 0 nmt 7 8 0 nm<DIS{SttipBli:/jj5i|gft 
•CS)-5A, = 7 1 5nm(C*tLT3t^l!^»:6U/'2fc6Vv 

«780nm<D*^-i:t tcRlt^;eiS 2 8 %tA± t 5 . 

^»!fei«l&»f^*S»^*1.5„ j^S6 5 0 nm 

<0^^tffi2S7 8 OnmCO^^Ob^V'ffi, 7"^ 

[0 0 181 ^iffiB<7> = — T'-r^^^^tt, Kft6 5 Onm 

ti^^-^ti^hi,. i^tLmi^m(Dm.^mtnm\^ 7 8 o n 

m«?5R^4: 6 5 0 nmfflrro|g^<^i|#^4=&iav^'t><D^:i-5 
)!6*6 5 O nmi: 7 8 O nm<Ora(S4'P^i'i^JS 
* 7 1 5 n m-eSlt^*v6 3 %iiJl±i: <t 5 ^tfi" 
30 5, KcD«ig4: L-Xti. A 1 203ffiffl*f*K4: S i S5« 

i02<g;®«f*a. S i Nit5ajlT^iei:Sr«a-&-*fc#^® 
foSVMiT i 02ii5SW^K4: A l 203{£ffijT^ 

ffi* 6 5 0 n mi 7 8 0 n m(Dmt^ 
f^tfii^^9cX=7 1 5 nm^C^E^L-CA./4fc■5V^^iJe 

40 rti.e>=j— 7'^:^^JcioT'^-;^iaS7 o'C 

£i±t?jSS6 5 Onm, giS7 8 0 n m^tU-^PHJc:*? 

[00191 u±.(r>mm tm^\^ i oT*ss« 600 
n mt t-Cf^iS bfc - K« if <D!|#14^Srl2l 3 l::^-f-. . 
LtV^fitlth, 5niWtfcl:^^<6Slf^miiftIop, WiVf^SNo 

e±, *W£*t^wi£/!'S«?^e II . jS«A.p;^iif. 3t7* 
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80nmi650n m(D-i^^i^mi^\^—^m^(Dm^ 

So 5 0*S«S7 8 OnnKDU-— 5 1*saS6 
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